Introduction
Thermal Desorption spectrometry has been widely used for investigations on the kinetic of desorption of different gases from metals°. It was also applied for measurements of the outgassing of materials.
For investigations on the kinetic of the desorption, some preconditions are required to be fulfilled by the material.
a) The surface of the material has to be clean. Since the cleaning requires an annealing at high temperatures in UHV, only metals with a high melting point are suitable for such investigations. b) Diffusion of gas from the bulk can be neglected.
c) There is no diffusion into the bulk and solution of the gas in the metal.
Only a few metals fulfil all these requirements, and these metals were studied many times, and by different authors. Examples for such materials are tungsten or molybdenum2). Due to their properties, they are widely used in vacuum technology. On the other hand, materials having totally different properties are applied in vacuum technology too. For example, the solubility of gases in metals is used in getter materials such as titanium. Such materials gain more and more importance, especially with the view to the application in XHV3).
Vanadium is a material with interesting properties, but in the past it has been paid little attention to the study of the behavior of this metal in vacuum. In interaction with gases, it shows a very complex behavior. The property to dissolve hydrogen at temperatures below 800 K , and giving it off at temperatures above 900 K, makes vanadium a candidate for the use as getter material. Vanadium dissolves nitrogen at all temperatures, and at temperatures above 1500 K chemical reactions of vanadium with nitrogen forming nitrids are observed4). From this point of view, the application of Thermal Desorption spectrometry for investigations of the desorption of nitrogen from vanadium seems to make no sence . All the nitrogen is supposed to diffuse into the metal. However, an interesting question is the investigation of diffusion barriers for nitrogen on the vanadium surface. A succesful diffusion barrier for nitrogen should prevent the nitrogen from enter the vanadium, or at least reduce the diffusion into the material. The rest of the nitrogen interacting with the vanadium should be adsorbed at the surface, and therefore desorb during a thermal desorption experiment. In the following, first results of thermal desorption investigations on untreated vanadium and on surface-modified vanadium are presented.
Description of the experimental setup and preparation of the samples
For the investigations we used a thermal desorption spectrometer based on a UHV turbomolecular pumping system TPU 240 (Balzers). The vacuum scheme is shown in Fig. 1 . For the registration of the pressure, we used an ionization gauge of the Bayard-Alpert type (IE414, Leybold) as well as a quadrupol mass spectrometer (Transpector, Leybold). During the measurements, the sample was heated by a direct current. The temperature was measured with a NiCr-Ni-thermocouple spot welded to the sample. The disadvantage of the registration of an additional voltage occuring on the measurement point on the sample was prevented by the use of a 20 kHz-AC-heating system. With the experimental setup, a temperature rise up to 100 K/s was possible.
Our measurements were carried out on 3 different vanadium samples: a) untreated vanadium b) vanadium annealed in oxygen For this purpose, the vanadium sample was heated in the UHV system at a temperature of 500 K in an oxygen atmosphere at a pressure 10-3Pa for 9 h. c) surface-modified vanadium sample We produced an oxid layer on the sample by glow discharge in an Ar/O2 plasma (Ar:O2=65:35). The DC voltage between the sample used as cathode and copper plates used as anode was 435 V. At a pressure of 100 Pa, the current density was 1.5 mA/cm2. The thickness of the oxid layer was determined to 14 nm using XPS with tungsten as reference. Since the modification and the determination of the thickness were not carried out in the same system, a transport in air was necessary.
TDS experiments
For the thermal desorption experiments with nitrogen discussed here, the exposure time was 20 min at a pressure of 10-4 Pa. In addition to the TDS experiments, we studied the coverage of the surface of the sample using the flash-filament-technique (FFT) with a flashing temperature of 1300 K for different exposure times. a) untreated sample
In Fig. 2 . the desorption spectrum for the untreated sample is shown. In the temperature range from 500-600 K, a peak is visible which contains all considered masses. At temperatures above 1050 K, we registrated an increase of hydrogen (mass 2) and mass 28. Since the masses 44 and 12 are increasing too, it is obvious that N2 and CO are superposed.
The FFT experiments show that the mostly contributing components for the difference in the pressure are masses 2, 28, 16, and 44 (Fig. 3) . b) vanadium sample annealed in oxygen At lower temperatures, the same behavior was found for the annealed sample (Fig. 4) as for the untreated sample. However, at a temperature of about 930 K, another peak of mass 28 occurs, and correlates with a peak of mass 12 (C). So it seems that this peak is caused by CO. In the temperature range above 1050 K, the sample again shows the same behavior as the untreated sample.
A view to the spectra obtained by the FFT experiments (Fig. 5) shows equal results as observed for the untreated sample (Fig. 3) . c) vanadium with oxidlayer Samples oxidized by an argon-oxygen glow discharge show a quite different desorption spectrum (Fig. 6) than the untreated and the annealed samples. The most important components are mass 18 and mass 16, which we attribute to water . Also the contribution of mass 44 (CO2) is increased. A possible explanation for the presence of carbon dioxide seems to be the oxygen delivered by the oxid layer reacting with the carbon always present . The differences between the untreated and the surface-modified sample are obvious from the FFT experiments too. As shown in Fig. 7 , the amount of mass 44 is predominant and is more than 10 times greater than for the other samples. These results are in agreement with the assumption of the reaction of carbon with oxygen from the oxid layer .
The FFT experiments on the untreated system for different exposure times of nitrogen show a very interesting behavior.
With increasing exposure we found increasing desorption rates, but no linear fashion (Fig. 8, 9 ) . For very long ex- posures the desorption rate is increasing drastic. This could be a hint that the layers near the surface are saturated, and the diffusion into the bulk decreases. Therefore, the desorption rate is increasing.
Conclusion
The measurements carried out show the complexity of the interaction of gases with vanadium. The influence of the diffusion of gases from and into the bulk prevents the determination of the sticking probability and the coverage with flash-filamenttechnique. Thermal desorption spectrometry and flash-filament-technique can be used to get informations about the processes of the interaction of gases with the metal surface. For the investigation on this metal, the use of a mass spectrometer is highly recommended because in this case the interpretation of total pressure measurements makes no sence. 
